Background: There is a niche for developing an ideal pre-operative scoring system
Introduction
In recent years, several prognostic scoring systems have been developed and validated in different geographical settings for the assessment of mortality in colorectal cancer surgery. They can be used as performance indicators to allow objective comparisons between surgeons and surgical units because they adjust for patient-related risk factors and operative severity (case mix).
The Physiology and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM) and Portsmouth POSSUM (P-POSSUM) were originally developed to predict the outcomes of general surgical patients 1, 2 . A major drawback of the POSSUM methodology is that it requires the collection of 12 pre-operative physiological variables and 6 operative variables, which is time consuming and precludes the opportunity to obtain a purely pre-operative risk assessment.
The Biochemistry and Haematology Outcome Model (BHOM) adopts a different approach; it uses a minimal data set to model outcome and has previously been shown to be effective with index arterial operations (vascular or VBHOM) [3] [4] [5] [6] . VBHOM is based on a minimal dataset derived from National Vascular Databasehaematology and biochemistry data items, which can all be obtained pre-operatively.
They are easy to collect from hospital pathology and patient administration computer systems and they are collected routinely during normal clinical care, hence data collection is not an additional burden.
The aim of this study was to develop a new BHOM equation (Colorectal-or CR-BHOM) using only a minimum number of variables to predict post-operative outcomes for patients undergoing colorectal cancer resection.
Methods & Patients
The modelling was performed using data from a single, medium-sized (600 bed) district general hospital in the United Kingdom. The unit manages about 150 new patients with colorectal cancer each year. A database is maintained by a team of colorectal nurse practitioners and a dedicated data clerk. The database is based upon the Association of Coloproctology's (ACP) minimum dataset as specified for The following data items were extracted from the database: discharge status of patient, admission date and discharge date, age at admission, mode of admission, gender, haemoglobin, white cell count, urea, creatinine, albumin, sodium and potassium levels. These blood tests were taken on admission or immediately before surgery. The cases were then ordered by dead/alive status at 30 days and age at admission. Binary logistic regression was performed on this data to form a model of adverse clinical outcome (30-day mortality and complication).
It is important to have an adequate number of events (deaths or complications) in each set to model outcome using logistic regression. As a rule, at least ten outcome events per potential predictor variable are required to minimise the risk of a Type I error 7 .
Statistical Analysis
Within the logistic regression model mode-of-admission was modelled as follows: 1 = elective and 0 = non-elective. The outcome variable, mortality, was defined as death within 30 days post-surgery and the outcome variable, morbidity, was defined as any ACP-defined complication. The overall performance of the model was assessed using techniques designed to test both calibration and discrimination. The HosmerLemeshow 8-11 methodology was followed to assess the calibration of the model.
Calibration refers to the agreement between predicted probabilities and true probabilities (goodness-of-fit). Naturally, the true probability of a patient's outcome is not known; otherwise there would be no use to developing these prognostic models.
However, true probabilities can be approximated by taking the mean of the observed outcomes within predefined groups of patients. This involves the use of the chisquared test to compare frequency tables obtained from prospective application of the equations. This is a null hypothesis test. A p-value <0.05 indicates a significant lack of fit. While it is possible to say that a model is wrong i.e. did not predict outcome, it is not possible to state that a particular model is correct, only that it performed adequately.
Discrimination refers to a model's ability to distinguish survivors from non-survivors.
The discriminative ability of the model was assessed using the c-index (equivalent to the area under the receiver-operator characteristic (ROC) curve. Discrimination is the ability of the model to appropriately rank patients in terms of risk -that is, the 
Results
The basic characteristics of the study population are summarised in tables 2-4. The data used contained 704 complete records. Binary logistic regression analysis of the laboratory and administrative data of the training set produced the outcome models for colorectal resection for cancer.
Mortality models
It was found that the mortality model could successfully predict colorectal cancer mortality ( Table 5 
Morbidity models
The outcome of the logistic regression model for the prediction of morbidity was as follows (based on n=704 cases): For instance, POSSUM and P-POSSUM are scoring systems that have been extensively validated across different geographical locations but are recognised to have limitations in application to patients undergoing colorectal surgery [12] [13] [14] [15] [16] . The concern that POSSUM and P-POSSUM over-predicted mortality in colorectal surgical patients led to the development of a specialty-specific POSSUM score called colorectal-POSSUM CR-BHOM, in comparison, is derived from data that is entirely objective, measured independently in laboratories adhering to a nationally agreed standard. It differs from earlier models, vascular-BHOM 3 and amputation-BHOM, 6 with the inclusion of albumin as a predictor. Serum albumin concentration is a more sensitive indicator of surgical outcome than many other pre-operative patient characteristics 19 .
Hypoalbuminaemia has long been recognised to reflect malnutrition and disease, and more recently to be an independent risk factor for developing post-operative complications following rectal cancer surgery 20 . It is thought that 'cancer cachexia' results in altered metabolism and impairment of hepatic protein synthesis, a process mediated by tumour necrosis factor alpha 21 . Low protein levels and thus reduced collagen synthesis at the site of surgical wounds and at bowel anastomoses could account for the higher rate of wound infections and anastomotic leakage seen.
Serum albumin levels are also affected by trauma and surgical stress. Consequently, scoring systems that quantify pre-operative risk and surgical stress may be more useful than albumin levels alone. The Estimation of Physiological Ability and Surgical
Stress (E-PASS) score 22 
Bowel obstruction
Postoperative bowel obstruction Major complication: a complication that required re-operation, interventional radiology, ITU/HDU care or delays discharge by >72 hours 
